Temperature coefficient of V th (=dV th /dT) in metal gate nFET with various thickness of TiN and capping layer was systematically obtained. Thick TiN metal or thick Al 2 O 3 capping in gate stack structures enhanced dV th /dT due to increase in EOT. Thick TiN devices showed lager shift in V FB , which was one of the origins of enhanced dV th /dT. In contrast, La 2 O 3 capping scarcely affected dV th /dT.
value, the low value of dV th /dT means the large value of |dV th /dT|, which indicates large change width caused by certain change of temperature. Figure 5 (a) shows TiN thickness dependence of dV th /dT. Regardless of the difference of deposit methods, thick TiN metal gate has large absolute value of temperature coefficient of V th . La 2 O 3 and Al 2 O 3 capping thickness dependences of dV th /dT is shown in Fig.5 (b) . The temperature coefficient increases with Al 2 O 3 thickness and scarcely depends on the La 2 O 3 thickness. V th is expressed as Here, V FB is flat band voltage, φ f is difference of potential from the intrinsic Fermi level, q is elementary charge, ε 0 ε Si means dielectric constant of Si, N a is substrate concentration, and C ox is gate capacitance. Because all samples have the same substrate condition, it is thought that there is no difference in behavior of the second term of equation (1) among the samples. Therefore, if the effects from the first term and the third term in equation (1) are considered, analysis of characteristics of dV th /dT is sufficient. The temperature coefficient of the first term, which means temperature coefficient of V FB , was calculated from C-V measurement, and the results are indicated in Fig.6 . TiN thickness dependences of dV FB /dT are shown in Fig.6 (a) . The sample with thick TiN changes temperature coefficient to negative direction like Fig.5 (a) . Therefore, some of the change of dV th /dT to negative direction shown in Fig.5 (a) is explained by the effect of dV FB /dT, the first term of equation (1) . Capping thickness dependences of dV FB /dT are shown in Fig.5 (1), the temperature coefficient of V FB , is increased with TiN thickness.
Because the effect of the third term of equation (1) is the other factor which affects the value of dV th /dT, the effect of the third term is estimated by dV th /dT-dV FB /dT (the difference between Fig.5 and Fig.6 ). It is plotted in Fig.7 . TiN thickness dependences of d(V th -V FB )/dT, which is shown in Fig.7 (a) , are more gradual compared to dV th /dT shown in Fig.5 (a) . In addition, the difference of d(V th -V FB )/dT between La 2 O 3 and Al 2 O 3 , which is shown in Fig.7 (b) , is smaller than the difference of dV th /dT in Fig.5 (b) . These are explained that when the TiN thickness is changed, some of the change of dV th /dT is attributed to the change of dV FB /dT. Figure 8 is the correlation between EOT and d(V th -V FB )/dT, which means the effect of the third term of equation (1), of all samples in this work. Because the value of sqrt(4qε 0 ε Si N a φ f ), which means depletion charge, is common among all samples, the value of the third term is affected only by 1/C ox . Therefore, d(V th -V FB )/dT is determined by EOT thickness as shown in Fig.8 . Because reduction of EOT thickness suppresses the effect of the third term of equation (1), it is effectual to reduce the value of |dV th /dT|.
Conclusions
The temperature coefficient of V th (=dV th /dT) is affected by TiN thickness and EOT thickness. Thick TiN is thought to enhance the temperature coefficient of V FB . Thick EOT enhances the influence to V th from the depletion charge. To suppress the temperature coefficient of V th , gate stack structure with thin TiN layer and thin EOT is desirable. In addition, it is necessary to control V th without increase of EOT. 
